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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-037565,
filed on Feb. 27, 2014, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND

As an example of a power semiconductor device, an insu-
lated gate bipolar transistor (IGBT) has been known. In the
IGBT, a method of suppressing discharging of holes from an
n-type drift layer has been used to decrease on-resistance
between a collector electrode and an emitter electrode. In this
method, the holes discharged from the n-type drift layer to the
emitter electrode are suppressed, so that an injection amount
of electrons is relatively increased, thereby decreasing the
on-resistance of the IGBT. For example, a structure in which
p-type layers (dummy regions) interposed by trench gate
electrodes between p-type base layers and electrically insu-
lated from each other are provided, so-called a trench injec-
tion enhanced gate transistor (IEGT) has been suggested.

In the trench IEGT, excessive holes accumulated in the
dummy region are discharged at the time of turning-off. How-
ever, efficient hole discharge may be disabled in an end of an
device region (or an active region). In this case, a current may
be concentrated at the end of the device region, the enormous
current may flow, and a device may be braked down.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic plan views of a semicon-
ductor device according to a first embodiment;

FIG. 2 is a schematic cross-sectional view taken along the
line A-A' of FIG. 1B;

FIG. 3 is a schematic cross-sectional view taken along the
line B-B' of FIG. 1B;

FIG. 4 is a schematic cross-sectional view taken along the
line C-C' of FIG. 1B;

FIGS. 5A and 5B are schematic plan views of a semicon-
ductor device according to a second embodiment; and

FIG. 6 is a schematic cross-sectional view taken along the
line D-D' of FIG. 5B.

DETAILED DESCRIPTION

A semiconductor device according to embodiments
includes a semiconductor substrate having a first surface and
a second surface facing the first surface; a plurality of first
semiconductor layers of a first conductive type provided in
the semiconductor substrate of the second surface side, the
first semiconductor layers extending in a first direction, the
first semiconductor layers arranged in a second direction
orthogonal to the first direction, each of the first semiconduc-
tor layers surrounded by a gate layer, a gate insulating film
interposed between each of the first semiconductor layers and
the gate layer; a plurality of second semiconductor layers of
the first conductive type provided between the first semicon-
ductor layers adjacent to each other in the second direction,
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the second semiconductor layers having a depth smaller than
a depth of the first semiconductor layers in a direction toward
the first surface from the second surface; a plurality of third
semiconductor layers of the first conductive type provided in
the semiconductor substrate of the second surface side, each
of'the third semiconductor layers arranged at ends of the first
direction of each of'the first semiconductor layers, each of the
third semiconductor layers surrounded by the gate layer, the
gate insulating film interposed between each of the third
semiconductor layers and the gate layer, a depth of the third
semiconductor layers being substantially equal to the depth of
the first semiconductor layers in the direction toward the first
surface from the second surface; a fourth semiconductor layer
of a second conductive type provided in the semiconductor
substrate at the second surface side of the second semicon-
ductor layers; a sixth semiconductor layer of the first conduc-
tive type provided in the semiconductor substrate at the first
surface side of the first semiconductor layers; a seventh semi-
conductor layer of the second conductive type provided
between the first, second, and third semiconductor layers and
the sixth semiconductor layer; an emitter electrode electri-
cally connected to the third and fourth semiconductor layers;
and a collector electrode electrically connected to the sixth
semiconductor layer.

The following is a description of embodiments with refer-
ence to the accompanying drawings. In the following descrip-
tion, like components are denoted by like reference numerals
and explanation of components described once will not be
repeated. In the following embodiments, an example of the
case in which a first conductive type is a p type and a second
conductive type is an n type will be described.

In addition, in the present specification, the notations of an
n* type, an n type, and an n~ type mean that n-type impurity
concentrations become low in order of the n* type, the ntype,
and the n” type. Likewise, the notations of a p* type, a p type,
and a p~ type mean that p-type impurity concentrations
become low in order of the p* type, the p type, and the p~ type.

The n-type impurities are, for example, phosphorous (P) or
arsenic (As). In addition, the p-type impurities are, for
example, boron (B).

First Embodiment

A semiconductor device according to this embodiment
includes a semiconductor substrate that has a first surface and
a second surface facing the first surface, a plurality of first
semiconductor layers of a first conductive type that are pro-
vided in the semiconductor substrate of the second surface
side, extend in a first direction, are arranged in a second
direction orthogonal to the first direction, and are surrounded
by a gate layer with a gate insulating film therebetween, a
plurality of second semiconductor layers of the first conduc-
tive type that are positioned between the first semiconductor
layers adjacent to each other in the second direction and have
a depth smaller than a depth of the first semiconductor layers
in a direction toward the first surface from the second surface,
a third semiconductor layer of the first conductive type that is
provided in the semiconductor substrate of the second surface
side, is arranged in ends of the first direction of the first
semiconductor layers, is surrounded by the gate layer with the
gate insulating film therebetween, and has a depth equal to the
depth of the first semiconductor layers in the direction toward
the first surface from the second surface, a fourth semicon-
ductor layer of a second conductive type that is provided at the
second surface side of the second semiconductor layers, a
sixth semiconductor layer of the first conductive type that is
provided on the first surface, a seventh semiconductor layer of
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the second conductive type that is provided between the first,
second, and third semiconductor layers and the sixth semi-
conductor layer, an emitter electrode that is electrically con-
nected to the third and fourth semiconductor layers, and a
collector electrode that is electrically connected to the sixth
semiconductor layer.

FIGS. 1A and 1B are schematic plan views of the semicon-
ductor device according to this embodiment. FIG. 1A is an
entire view of the semiconductor device. FIG. 1B is an
enlarged view of a device region end shown by a circle in FIG.
1A.

FIG. 2 is a schematic cross-sectional view taken along the
line A-A' of FIG. 1B. FIG. 3 is a schematic cross-sectional
view taken along the line B-B' of FIG. 1B. FIG. 4 is a sche-
matic cross-sectional view taken along the line C-C' of FIG.
1B.

The semiconductor device according to this embodiment is
a trench IEGT in which an emitter electrode and a collector
electrode are provided with a semiconductor substrate ther-
ebetween and a dummy region to suppress carrier discharge at
the time of turning-on is provided.

In an TEGT 100 according to this embodiment, a device
region 50 is provided in a center portion, as illustrated in FIG.
1A. Around the device region 50, a termination structure such
as a guard ring to prevent a breakdown voltage from decreas-
ing at an end of the device region 50 is formed.

The semiconductor device (IEGT) according to this
embodiment includes a semiconductor substrate 10 that has a
first surface and a second surface facing the first surface, as
illustrated in FIG. 2. The semiconductor substrate 10 is, for
example, single-crystalline silicon.

As illustrated in FIG. 2, a plurality of p-type dummy
regions (first semiconductor layers) 16 surrounded by a
trench 14 having a gate layer 12 provided therein and electri-
cally insulated are provided at the second surface side of the
semiconductor substrate 10. The gate layer 12 is provided to
interpose a gate insulating film 18 with the dummy region 16.
The dummy region 16 has a function of suppressing holes
from being discharged when the IEGT 100 is turned on and
promoting electron injection effectively.

The depth of the dummy region 16 is preferably equal to or
more than the depth of the trench 14. By setting the depth of
the dummy region 16 to be equal to or more than the depth of
the trench 14, a potential of the dummy region can be sup-
pressed from being increased by the holes accumulated in the
dummy region 16 when the IEGT 100 is turned on and a
negative capacity can be suppressed from being generated.

The gate layer 12 is, for example, polycrystalline silicon in
which n-type impurities are doped. In addition, the gate insu-
lating film 18 is, for example, a thermal oxide film of silicon.

As illustrated in FIG. 1B, the dummy region 16 extends in
a first direction and is arranged in a second direction orthogo-
nal to the first direction. In addition, the dummy region 16 is
surrounded by the trench 14. The dummy region 16 is in an
electrically insulated state, that is, a floating state.

In addition, as illustrated in FIG. 2, p-type base regions
(second semiconductor layers) 20 each of which is interposed
by the dummy region 16 and the trench 14 are provided at the
second surface side of the semiconductor substrate 10. A
depth of the base region 20 is smaller than depths of the
dummy region 16 and the trench 14. The base region 20
functions as a channel flowing electrons, when the IEGT 100
is turned on.

In addition, as illustrated in FIGS. 1B and 3, a carrier
discharge region (third semiconductor layer) 22 is provided in
an end of the first direction of the dummy region 16 at the
second surface side of the semiconductor substrate 10. The
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carrier discharge region 22 is surrounded by the trench 14
having the gate layer 12 provided therein.

The carrier discharge region 22 has the same depth as that
of'the dummy region 16. Here, the same depth is the concept
including the case in which the depths are completely
matched with each other and the case in which an error is
generated by a variation of a manufacturing process even
though it is demanded to realize the same depths.

An end of the first direction of the trench 14 surrounding
the carrier discharge region 22 has a curved shape, as illus-
trated in FIG. 1B.

As illustrated in FIGS. 1B and 3, the gate layer 12 is
extracted from the end of the first direction of the trench 14
surrounding the carrier discharge region 22 to the surface of
the semiconductor substrate 10, by a gate extraction layer 52.
The gate extraction layer 52 is connected to a gate electrode
not illustrated in the drawings.

The TEGT 100 includes an n*-type emitter layer (fourth
semiconductor layer) 24 provided at the second surface side
of the base region 20, as illustrated in FIG. 2. The emitter
layer 24 has a function of injecting electrons, when the IEGT
is turned on. As illustrated in FIG. 4, a p*-type base contact
layer 36 is provided to be adjacent to the n*-type emitter layer
24, atthe second surface side of the base region 20. That is, the
n*-type emitter layer 24 and the p*-type base contact layer 36
are alternately provided in the first direction.

In addition, the IEGT 100 includes a p*-type connection
region (fifth semiconductor layer) 26 provided at the second
surface side of the carrier discharge region 22, as illustrated in
FIGS. 1B and 3. The p*-type connection region 26 has a
p-type impurity concentration higher than that of the carrier
discharge region 22. The p*-type connection region 26 has a
function of promoting hole discharge, when the IEGT is
turned off.

The IEGT 100 includes a p*-type collector layer (sixth
semiconductor layer) 28 provided at the first surface side of
the semiconductor substrate 10, as illustrated in FIGS. 2 to 4.
In addition, an n™-type drift layer (seventh semiconductor
layer) 30 is provided between the collector layer 28 and the
dummy region 16, the base region 20, and the carrier dis-
charge region 22.

The IEGT 100 includes an emitter electrode 32 that is
electrically connected to the emitter layer 24, the base region
20, the base contact layer 36, and the connection region 26, as
illustrated in FIGS. 2 to 4. The IEGT 100 further includes a
collector electrode 34 that is electrically connected to the
collector layer 28. For example, each of the emitter electrode
32 and the collector electrode 34 is made of a metal.

An interlayer insulating film 48 is provided between the
emitter electrode 32 and the dummy region 16. The interlayer
insulating film 48 is, for example, a silicon oxide film.

As illustrated in FIGS. 1A, 1B, and 3, a p-type first periph-
eral region (eighth semiconductor layer) 40 is provided in the
first direction end of the device region 50 of the second
surface side of the semiconductor substrate 10. The first
peripheral region 40 has the same depth as that of the dummy
region 16.

As illustrated in FIGS. 1B and 4, a p*-type connection
region (ninth semiconductor layer) 42 is provided in the first
peripheral region 40. A p*-type connection region 42 is pro-
vided in a partial region between the trenches 14 adjacent to
each other. A p-type impurity concentration of the p*-type
connection region 42 is higher than a p-type impurity con-
centration of the first peripheral region 40. The p*-type con-
nection region 42 has a function of promoting hole discharge,
when the IEGT is turned off.
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Asillustrated in FIGS. 1B and 2, a p-type second peripheral
region (tenth semiconductor layer) 44 is provided in the sec-
ond direction end of the device region 50 of the second
surface side of the semiconductor substrate 10. The second
peripheral region 44 has the same depth as that of the dummy
region 16.

In the second peripheral region 44, a p'-type connection
region (eleventh semiconductor layer) 46 that extends in the
first direction and is adjacent to the trench 14 is provided. A
p-type impurity concentration of the p*-type connection
region 46 is higher than a p-type impurity concentration of the
second peripheral region 44. The p*-type connection region
46 has a function of promoting hole discharge, when the
IEGT is turned off.

The first peripheral region 40 of the p type and the second
peripheral region 44 of the p type may be a continuous p*-type
impurity layer and may be a partially provided p*-type impu-
rity layer.

Next, a function and an effect of this embodiment will be
described. When the IEGT 100 is turned on, a channel (inver-
sion layer) is formed on a side of the trench 14 of the base
region 20 as the potential of the gate layer 12 increases. By the
formation of the channel, electrons flow from the emitter
layer 24 to the collector layer 28 and holes flow from the
collector layer 28 to the emitter layer 24.

At this time, the dummy region 16 is provided to suppress
apart of the holes from being discharged from the emitter
layer 24. The dummy region 16 is provided, so that injection
of'the electrons is effectively promoted and on-current of the
IEGT 100 increases.

In addition, when the IEGT 100 is turned off, the excessive
holes accumulated by the dummy region 16 are discharged to
the emitter electrode 32 through the base contact layer 36
adjacent to the dummy region 16 with the trench 14 therebe-
tween. Because it is adjacent to the first peripheral region 40
in the end of the device region 50, a ratio of an occupying area
of'the dummy region 16 to the base contact layer 36 increases.
For this reason, the excessive carriers are not discharged to the
emitter electrode 32 when the IEGT is turned off and the
current is concentrated on the end of the device region 50. As
a result, the element may be destroyed.

In this embodiment, the carrier discharge region 22 that is
connected to the emitter electrode 32 through the p*-type
connection region 26 is provided at the end of the first direc-
tion of the dummy region 16. By providing the carrier dis-
charge region 22, the excessive holes can be discharged from
the carrier discharge region 22, when the IEGT 100 is turned
off. Therefore, the current is suppressed from being concen-
trated on the end of the device region 50 and breakdown
resistance of the IEGT 100 is improved.

In addition, in this embodiment, the p*-type connection
region 42 connected to the emitter electrode 32 is provided in
the first peripheral p-type region 40 of the end of the first
direction of the dummy region 16. The p*-type connection
region 42 is provided in the first peripheral p-type region 40,
so that the excessive holes can be discharged, when the IEGT
100 is turned off. Therefore, the current is suppressed from
being concentrated on the end of the device region 50 and
breakdown resistance of the IEGT 100 is improved.

In addition, in this embodiment, the p*-type connection
region 46 connected to the emitter electrode 32 is provided in
the second peripheral region 44 of the end of the second
direction of the dummy region 16. The p*-type connection
region 46 is provided in the second peripheral p-type region
44, so that the excessive holes can be discharged, when the
IEGT 100 is turned off. Therefore, the current is suppressed
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from being concentrated on the end of the device region 50
and breakdown resistance of the IEGT 100 is further
improved.

In addition, in this embodiment, the end of the first direc-
tion of the trench 14 surrounding the carrier discharge region
22 has a curved shape, as illustrated in FIG. 1B. As such, the
end of the trench 14 is formed in the curved shape and a corner
is not prepared in the trench, so that an electric field is sup-
pressed from being locally concentrated on the gate insulat-
ing film 18. Therefore, the IEGT 100 in which the gate insu-
lating film 18 is suppressed from being destroyed and
reliability is high is realized.

According to this embodiment, the IEGT in which the
discharge of the excessive carriers in the device region end is
promoted and the breakdown resistance is improved can be
provided. In addition, the IEGT in which the resistance of the
gate insulating film is improved and reliability is improved
can be provided.

Second Embodiment

A semiconductor device according to this embodiment
includes a semiconductor substrate that has a first surface and
a second surface facing the first surface, a plurality of first
semiconductor layers of a first conductive type that are pro-
vided in the semiconductor substrate of the second surface
side, extend in a first direction, are arranged in a second
direction orthogonal to the first direction, and are surrounded
by a gate layer with a gate insulating film therebetween, a
plurality of second semiconductor layers of the first conduc-
tive type that are positioned between the first semiconductor
layers adjacent to each other in the second direction and have
a depth smaller than a depth of the first semiconductor layers
in a direction toward the first surface from the second surface,
a third semiconductor layer of the first conductive type that is
provided in the semiconductor substrate in the second sur-
face, is arranged in ends of the first direction of the first
semiconductor layers, are provided between the first semi-
conductor layers with the gate layer therebetween, and has a
depth equal to the depth of the first semiconductor layers in
the direction toward the first surface from the second surface,
an extracting gate layer that extends from an end of the first
direction of the gate layer to an inner portion of the third
semiconductor layer in the first direction, a fourth semicon-
ductor layer of a second conductive type that is provided at the
second surface side of the second semiconductor layers, a
sixth semiconductor layer of the first conductive type that is
provided on the first surface, a seventh semiconductor layer of
the second conductive type that is provided between the first,
second, and third semiconductor layers and the sixth semi-
conductor layer, an emitter electrode that is electrically con-
nected to the third and fourth semiconductor layers, and a
collector electrode that is electrically connected to the sixth
semiconductor layer.

FIGS. 5A and 5B are schematic plan views of the semicon-
ductor device according to this embodiment. FIG. 5A is an
entire view of the semiconductor device. FIG. 5B is an
enlarged view of a device region end shown by a circle in FIG.
5A.

FIG. 6 is a schematic cross-sectional view taken along the
line D-D' of FIG. 5B. An internal configuration of a device
region 50 of an IEGT is the same as that of the first embodi-
ment. Therefore, the internal configuration of the device
region 50 of the IEGT will be described with reference to F1G.
2 corresponding to the first embodiment.

The semiconductor device according to this embodiment is
a trench IEGT in which an emitter electrode and a collector
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electrode are provided with a semiconductor substrate ther-
ebetween and a dummy region to suppress carrier discharge at
the time of turning-on is provided, similar to the first embodi-
ment.

In an TEGT 200 according to this embodiment, a device
region 50 is provided in a center portion, as illustrated in FIG.
5A. Around the device region 50, a termination structure such
as a guard ring to prevent a breakdown voltage from decreas-
ing at an end of the device region 50 is formed.

The IEGT according to this embodiment includes a semi-
conductor substrate 10 that has a first surface and a second
surface facing the first surface, as illustrated in FIG. 6. The
semiconductor substrate 10 is, for example, single-crystalline
silicon.

As illustrated in FIG. 2, a plurality of p-type dummy
regions (first semiconductor layers) 16 that are surrounded by
a trench 14 having a gate layer 12 provided therein and are
electrically insulated from each other are provided at the
second surface side of the semiconductor substrate 10. The
gate layer 12 is provided to interpose a gate insulating film 18
with the dummy region 16. The dummy region 16 has a
function of suppressing holes from being discharged when
the IEGT 200 is turned on and promoting electron injection
effectively.

The depth of the dummy region 16 is preferably equal to or
more than the depth of the trench 14. By setting the depth of
the dummy region 16 to be equal to or more than the depth of
the trench 14, a gate voltage can be suppressed from being
oscillated due to generation of a negative capacity between
the holes of which discharge is suppressed by the dummy
region 16 when the IEGT 200 is turned on and the gate layer
12.

The gate layer 12 is, for example, polycrystalline silicon in
which n-type impurities are doped. In addition, the gate insu-
lating film 18 is, for example, a thermal oxide film of silicon.

As illustrated in FIG. 5B, the dummy region 16 extends in
the first direction and is arranged in the second direction
orthogonal to the first direction. In addition, the dummy
region 16 is surrounded by the trench 14. The dummy region
16 is in an electrically insulated state, that is, a floating state.

In addition, as illustrated in FIG. 2, p-type base regions
(second semiconductor layers) 20 each of which is interposed
by the dummy region 16 and the trench 14 are provided at the
second surface side of the semiconductor substrate 10. A
depth of the base region 20 is smaller than depths of the
dummy region 16 and the trench 14. The base region 20
functions as a channel flowing electrons, when the IEGT 200
is turned on.

In addition, as illustrated in FIGS. 5B and 6, a carrier
discharge region (third semiconductor layer) 60 is provided in
an end of the first direction of the dummy region 16. The
trench 14 having the gate layer 12 is provided between the
dummy region 16 and the carrier discharge region 60.

The carrier discharge region 60 has the same depth as that
of'the dummy region 16. Here, the same depth is the concept
including the case in which the depths are completely
matched with each other and the case in which an error is
generated by a variation of a manufacturing process even
though it is demanded to realize the same depths.

The carrier discharge region 60 is also arranged in the end
of'the second direction of the dummy region 16, as illustrated
in F1G. 5B. That is, the carrier discharge region 60 is provided
to surround the device region 50.

A gate extracting trench 64 that extends from the end of the
first direction of the trench 14 surrounding the dummy region
16 and having the gate layer 12 provided therein to the inner
portion of the carrier discharge region 60 in the first direction
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and has the gate layer 12 provided therein is provided. As
illustrated in FIG. 6, the gate layer 12 is extracted from the end
of the first direction of the gate extracting trench 64 to the
surface of the semiconductor substrate 10, by a gate extrac-
tion layer 52. The gate extraction layer 52 is connected to a
gate electrode not illustrated in the drawings.

The IEGT 200 includes an n*-type emitter layer (fourth
semiconductor layer) 24 provided at the second surface side
of the base region 20, as illustrated in FIG. 2. The emitter
layer 24 has a function of injecting electrons, when the IEGT
200 is turned on. In addition, a p*-type base contact layer 36
is provided to be adjacent to the n*-type emitter layer 24, at
the second surface side of the base region 20.

In addition, the IEGT 200 includes a p*-type first connec-
tion region (fifth semiconductor layer) 70 provided at the
second surface side of the carrier discharge region 60, as
illustrated in FIG. 5B. The first connection region (fifth semi-
conductor layer) 70 is provided at the first end side of the
device region 50. The first connection region 70 has a function
of discharging holes, when the IEGT is turned off.

In addition, the IEGT 200 includes a p*-type second con-
nection region 72 provided at the second surface side of the
carrier discharge region 60, as illustrated in FIG. 5B. The
p*-type second connection region 72 is provided at the second
end side of the device region 50. A p-type impurity concen-
tration of the p*-type second connection region 72 is higher
than a p-type impurity concentration of the carrier discharge
region 60. The p*-type second connection region 72 has a
function of discharging holes, when the IEGT 200 is turned
off.

The IEGT 200 includes a p*-type collector layer (sixth
semiconductor layer) 28 provided at the first surface side of
the semiconductor substrate 10, as illustrated in FIGS. 2 and
6. In addition, an n™-type drift layer (seventh semiconductor
layer) 30 is provided between the collector layer 28 and the
dummy region 16, the base region 20, and the carrier dis-
charge region 60.

The IEGT 200 includes an emitter electrode 32 that is
electrically connected to the emitter layer 24, the base region
20, the base contact layer 36, and the connection region 26, as
illustrated in FIG. 2. In addition, the IEGT 200 includes a
collector electrode 34 that is electrically connected to the
collector layer 28. For example, each of the emitter electrode
32 and the collector electrode 34 is made of a metal.

An interlayer insulating film 48 is provided between the
emitter electrode 32 and the semiconductor substrate 10. The
interlayer insulating film 48 is, for example, a silicon oxide
film.

Next, a function and an effect of this embodiment will be
described. When the IEGT 200 is turned on, a channel is
formed on a side of the trench 14 of the base region 20 as the
potential of the gate layer 12 increases. The channel is
formed, so that electrons flow from the emitter layer 24 to the
collector layer 28 and holes flow from the collector layer 28 to
the emitter layer 24.

At this time, the dummy region 16 is provided to suppress
apart of the holes from being discharged from the emitter
layer 24. The dummy region 16 is provided, so that injection
of'the electrons is effectively promoted and on-current of the
IEGT 200 increases.

In addition, when the IEGT 200 is turned off, the excessive
holes accumulated by the dummy region 16 are discharged to
the emitter electrode 32 through the base contact layer 36
adjacent to the dummy region 16 with the trench 14 therebe-
tween. In the end of the device region 50, a ratio of an
occupying area of the dummy region 16 to the base contact
layer 36 increases. For this reason, the excessive carriers are
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not discharged to the emitter electrode 32 when the IEGT is
turned off and the current is concentrated on the end of the
device region 50. As a result, the element may be destroyed.

In this embodiment, the carrier discharge region 60 that is
connected to the emitter electrode 32 through the p*-type first
connection region 70 is provided in the end of the first direc-
tion of the dummy region 16. By providing the carrier dis-
charge region 60, the excessive holes can be discharged from
the carrier discharge region 60, when the IEGT 200 is turned
off. Therefore, the current is suppressed from being concen-
trated on the end of the device region 50 and breakdown
resistance of the IEGT 200 is improved.

In addition, in this embodiment, the carrier discharge
region 60 connected to the emitter electrode 32 through the
p*-type second connection region 72 is provided in the end of
the second direction of the dummy region 16. By providing
the carrier discharge region 60, the excessive holes can be
discharged from the carrier discharge region 60, when the
IEGT 200 is turned off. Therefore, the current is suppressed
from being concentrated on the end of the device region 50
and breakdown resistance of the IEGT 200 is improved.

In addition, in this embodiment, the gate extracting trench
64 that extends from the end of the first direction of the trench
14 surrounding the dummy region 16 and having the gate
layer 12 provided therein to the inner portion of the carrier
discharge region 60 in the first direction and has the extracting
gate layer 62 provided therein is provided. In other words, the
extracting gate layer 62 that extends from the end of the first
direction of the gate layer 12 to the inner portion of the carrier
discharge region 60 in the first direction is provided. As such,
the gate layer 12 is extracted from the trench 14 surrounding
the dummy region 16 by the gate extracting trench 64, so that
an area of the p*-type first connection region 70 can be
increased as compared with the first embodiment. Therefore,
the discharge of the excessive carriers is promoted, the cur-
rent is further suppressed from being concentrated on the end
of the device region 50, and breakdown resistance of the
IEGT 200 is further improved.

According to this embodiment, the IEGT in which the
discharge of the excessive carriers in the device region end is
promoted and the breakdown resistance is improved can be
provided.

In the embodiments, the example of the case in which the
first conductive type is the p type and the second conductive
type is the n type has been described. However, the first
conductive type may be the n type and the second conductive
type may be the p type.

In the embodiments, the example of the case in which the
single-crystalline silicon is used as the material of the semi-
conductor substrate and the semiconductor layer has been
described. However, other semiconductor materials, for
example, silicon carbide and gallium nitride may be used.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the semiconductor device described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
devices and methods described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate having a first surface and a sec-

ond surface facing the first surface;
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a plurality of first semiconductor layers of a first conduc-
tive type provided in the semiconductor substrate of the
second surface side, the first semiconductor layers
extending in a first direction, the first semiconductor
layers arranged in a second direction orthogonal to the
first direction, each of the first semiconductor layers
surrounded by a gate layer, a gate insulating film inter-
posed between each of the first semiconductor layers
and the gate layer;

a plurality of second semiconductor layers of the first con-
ductive type provided between the first semiconductor
layers adjacent to each other in the second direction, the
second semiconductor layers having a depth smaller
than a depth of the first semiconductor layers in a direc-
tion toward the first surface from the second surface;

a plurality of third semiconductor layers of the first con-
ductive type provided in the semiconductor substrate of
the second surface side, each of the third semiconductor
layers arranged at ends of the first direction of each of the
first semiconductor layers, each of the third semicon-
ductor layers surrounded by the gate layer, the gate
insulating film interposed between each of the third
semiconductor layers and the gate layer, a depth of the
third semiconductor layers being substantially equal to
the depth of the first semiconductor layers in the direc-
tion toward the first surface from the second surface;

a fourth semiconductor layer of a second conductive type
provided in the semiconductor substrate at the second
surface side of the second semiconductor layers;

a sixth semiconductor layer of the first conductive type
provided in the semiconductor substrate at the first sur-
face side of the first semiconductor layers;

a seventh semiconductor layer of the second conductive
type provided between the first, second, and third semi-
conductor layers and the sixth semiconductor layer;

an emitter electrode electrically connected to the third and
fourth semiconductor layers; and

a collector electrode electrically connected to the sixth
semiconductor layer.

2. The semiconductor device according to claim 1, wherein
an end of the gate layer in the semiconductor substrate in the
first direction has a curved shape.

3. The semiconductor device according to claim 1, further
comprising:

an eighth semiconductor layer of the first conductive type
provided in the semiconductor substrate of the second
surface side, the eighth semiconductor layer arranged at
ends of the second semiconductor layers in the first
direction, the eighth semiconductor layer having a depth
equal to that of the first semiconductor layers in a direc-
tion toward the first surface from the second surface,

wherein the emitter electrode is electrically connected to
the eighth semiconductor layer.

4. The semiconductor device according to claim 1, further

comprising:

a tenth semiconductor layer of the first conductive type
provided in the semiconductor substrate of the second
surface side, the tenth semiconductor layer arranged at
the ends of the first semiconductor layers in the second
direction with the gate insulating film interposed
between the first semiconductor layers and the tenth
semiconductor layer, the tenth semiconductor layer
extending in the first direction, the tenth semiconductor
layer having a depth substantially equal to that of the first
semiconductor layers in a direction toward the first sur-
face from the second surface,
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wherein the emitter electrode is electrically connected to
the tenth semiconductor layer.

5. The semiconductor device according to claim 1, further

comprising:

a plurality of fifth semiconductor layers provided between
the third semiconductor layers and the emitter electrode,
the fifth semiconductor layers contacting the emitter
electrode, the fifth semiconductor layers having an
impurity concentration of the first conductive type
higher than that of the third semiconductor layers.

6. The semiconductor device according to claim 3, further

comprising:

a ninth semiconductor layer provided between the eighth
semiconductor layer and the emitter electrode, the ninth
semiconductor layer contacting the emitter electrode,
the ninth semiconductor layer having an impurity con-
centration of the first conductive type higher than that of
the eighth semiconductor layer.

7. The semiconductor device according to claim 1, further

comprising:

a gate extraction layer connected to an end of the gate layer
in the first direction, the gate extraction layer provided
above the semiconductor substrate of the second surface
side.

8. The semiconductor device according to claim 1, wherein
the semiconductor substrate is made of single-crystalline sili-
con.

9. The semiconductor device according to claim 1, wherein
the first conductive type is a p type and the second conductive
type is an n type.

10. The semiconductor device according to claim 1,
wherein the gate insulating film is a silicon oxide film.

11. A semiconductor device comprising:

a semiconductor substrate having a first surface and a sec-

ond surface facing the first surface;

a plurality of first semiconductor layers of a first conduc-
tive type provided in the semiconductor substrate of the
second surface side, the first semiconductor layers
extending in a first direction, the first semiconductor
layers arranged in a second direction orthogonal to the
first direction, each of the first semiconductor layers
surrounded by a gate layer, a gate insulating film inter-
posed between each of the first semiconductor layers
and the gate layer;

aplurality of second semiconductor layers of the first con-
ductive type provided between the first semiconductor
layers adjacent to each other in the second direction, the
second semiconductor layers having a depth smaller
than a depth of the first semiconductor layers in a direc-
tion toward the first surface from the second surface;
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a third semiconductor layer of the first conductive type
provided in the semiconductor substrate of the second
surface side, the third semiconductor layer arranged at
ends of the first direction of the first semiconductor
layers, the third semiconductor layer provided with the
gate layer interposed between the first semiconductor
layers and the third semiconductor layer, the third semi-
conductor layer having a depth substantially equal to the
depth of the first semiconductor layers in the direction
toward the first surface from the second surface;

an extracting gate layer extending from an end of the first
direction of the gate layer to an inner portion of the third
semiconductor layer in the first direction;

a fourth semiconductor layer of a second conductive type
provided in the semiconductor substrate at the second
surface side of the second semiconductor layers;

a sixth semiconductor layer of the first conductive type
provided in the semiconductor substrate at the first sur-
face side of the first semiconductor layers;

a seventh semiconductor layer of the second conductive
type provided between the first, second, and third semi-
conductor layers and the sixth semiconductor layer;

an emitter electrode electrically connected to the third and
fourth semiconductor layers; and

a collector electrode electrically connected to the sixth
semiconductor layer.

12. The semiconductor device according to claim 11, fur-

ther comprising:

a fifth semiconductor layer provided between the third
semiconductor layer and the emitter electrode, the fifth
semiconductor layer contacting the emitter electrode,
the fifth semiconductor layer having an impurity con-
centration of the first conductive type higher than that of
the third semiconductor layer.

13. The semiconductor device according to claim 11, fur-

ther comprising:

a gate extraction layer connected to an end of the gate layer
in the first direction, the gate extraction layer provided
above the semiconductor substrate of the second surface
side.

14. The semiconductor device according to claim 11,
wherein the semiconductor substrate is made of single-crys-
talline silicon.

15. The semiconductor device according to claim 11,
wherein the first conductive type is a p type and the second
conductive type is an n type.

16. The semiconductor device according to claim 11,
wherein the gate insulating film is a silicon oxide film.

#* #* #* #* #*



